We aimed to quantify the association of sarcopenia with length of hospital stay (LOS) and to identify factors associated with sarcopenia among hospitalized patients. SUBJECTS/METHODS: A total of 655 patients composed the study sample. A longitudinal study was conducted in a University Hospital. Sarcopenia was defined, according to European Consensus criteria, as low muscle mass (bioelectrical impedance analysis) and low muscle function (handgrip strength). Logistic regression, Kaplan-Meier and Cox adjusted proportional hazards methods were used. LOS was determined from the date of hospital admission and discharge home (event of interest). RESULTS: Participants were aged 18 to 90 years (24.3% sarcopenic). Factors associated with sarcopenia were male gender, age ⩾ 65 years, moderate or severe dependence, undernutrition and being admitted to a medical ward. Sarcopenic patients presented a lower probability of being discharged home (hazard ratio (HR), 95% confidence interval (CI) = 0.71, 0.58-0.86). However, after stratifying for age groups, this effect was visible only in patients aged o 65 years (HR, 95% CI = 0.66, 0.51-0.86). Moreover, sarcopenic overweight or obese patients presented a higher probability of being discharged home (HR, 95% CI = 0.78, 0.61-0.99) than nonoverweight sarcopenic patients (HR, 95% CI = 0.63, 0.48-0.83). CONCLUSIONS: Being male, age ⩾ 65 years, presenting dependence, being undernourished and admitted to a medical ward were factors associated with sarcopenia among hospitalized adult patients. Sarcopenia is independently associated with longer LOS, although this association is stronger for patients aged o 65 years. Moreover, sarcopenic overweight was associated with a higher probability of discharge home than nonoverweight sarcopenia.
INTRODUCTION
According to the European Working Group on Sarcopenia in Older People (EWGSOP), sarcopenia is defined as a combination of both low muscle mass and low muscle function. 1 This condition has been associated with physical disability, low quality of life and higher mortality. 1, 2 Sarcopenia is estimated to occur between 5 and 45% of community-dwelling older adults. 3, 4 Although this condition is mainly observed in older adults, it can also be present in younger individuals. A study from 2013 by Cherin et al. 5 showed that 9% of the individuals aged between 45 and 54 years and 13.5% of those aged from 55 to 64 years were sarcopenic. Although data concerning sarcopenia in hospitalized patients are scarce, previous studies have described this condition as frequent among hospitalized older patients, [6] [7] [8] [9] [10] ranging from 10 to 37.3%. Moreover, it has been recently shown that sarcopenia is present in hospitalized patients aged under 65 years, with a frequency equal to 19.8%. 9 It has been previously reported that sarcopenia is related with poor clinical outcome in hospitalized older patients, namely higher mortality 6, 8, 11 and higher risk of non-elective readmission in a 6-month period. 6 In a study conducted among hospitalized patients aged ⩾ 65 years, 6 sarcopenic patients presenting a mean age of 79 years were reported to have a higher length of hospital stay (LOS) than nonsarcopenic patients. In contrast, Cerri et al. 8 found no differences in LOS between sarcopenic and nonsarcopenic patients, among hospitalized older patients, with a mean age of 84.2 years, ranging from 66 to 100 years. Nevertheless, as far as we are concerned, there are no available data on the impact of sarcopenia on LOS among hospitalized patients aged o65 years. LOS is an indicator of the changes that occur during a hospitalization process and can be used as a surrogate marker of health status. 12 Moreover, predicting LOS may lead to a maximization of resources. 13 According to our knowledge, data on factors associated with sarcopenia in hospitalized patients are scarce, whereas they are particularly limited among hospitalized younger patients. Moreover, the potential effect of confounding factors on the association between sarcopenia and LOS remains to be described. Identification of sarcopenia and the establishment of an association between this condition and LOS are of utmost importance in order to provide a more effective healthcare plan, thus reducing the adverse consequences this condition entails.
This study aims to quantify the association of sarcopenia with LOS, after adjustment for potential confounders, and to identify factors associated with sarcopenia among a wide-ranging sample of hospitalized adult patients.
MATERIALS AND METHODS

Study sample and design
A longitudinal study was conducted in a general, university and 600-bed hospital between July 2011 and December 2014. A consecutive sampling method was applied in medical and surgical wards. Patients were eligible to participate in the study if they were aged 18 years and over, Caucasian, with an expected hospital stay longer than 24 h, conscious, cooperative and capable of providing written informed consent. Patients who were unable to perform the handgrip strength (HGS) technique were excluded from the study. This impossibility in carrying out HGS measurement was defined as an inability to understand verbal instructions or having a condition limiting HGS measurement (namely pain). Critically ill patients, that is, with a life-threatening medical or surgical condition requiring intensive care unit level care, presenting severe organ system dysfunction and needing for active therapeutic support, were excluded.
14 Pregnancy and patient ward isolation were also defined as exclusion criteria. According to these criteria, patients admitted to neurology, clinical hematology and intensive care unit wards were not recruited, whereas participants from the following departments were selected: angiology and vascular surgery, cardiology, digestive surgery, endocrinology, gastroenterology, hepatobiliary surgery, internal medicine, nephrology, nondigestive surgery, orthopedics, otorhinolaryngology and urology. Therefore, from the daily list of inpatients admitted to each of these wards, those who fulfilled the inclusion criteria were invited to participate in the study, until the number of patients had attained the total number of beds of the ward.
From 992 patients who fulfilled the inclusion criteria and were invited to participate, 337 (34%) were not included. The reasons were refusals (n = 198), cognitive impairment (n = 13) and missing data (n = 126).
All patients were followed up from the time of admission until death, hospital discharge or 30 days after admission.
Ethics
This research was carried out according to the recommendations established by the Declaration of Helsinki and approved by the Institutional ethics and review boards of Centro Hospitalar do Porto. All study participants provided a written informed consent.
Data collection
Demographical, clinical data, medical diagnoses and data of hospital admission were retrieved from patient's clinical file at the time of evaluation. Date of hospital discharge, discharge destination (home, another ward, another hospital, continuing care unit and discharge against medical advice or death) and discharge diagnosis were retrieved from hospital records after patient discharge. All other information was obtained by two trained registered nutritionists through a structured questionnaire within 72 h of admission to hospital.
Education was evaluated by the number of completed school years, and the following categories were created: 0-4, 5-12 and 412 years. Marital status was categorized as single, married or in a civil partnership, divorced and widowed. Cognitive impairment was evaluated with the Abbreviated Mental Test (AMT). 15 Independence in activities of daily living was assessed with the Katz index. 16 Charlson disease severity index 17 was obtained by two previously trained interviewers using medical discharge diagnoses in the patient's clinical record.
Patient nutritional status was evaluated with patient-generated subjective global assessment (PG-SGA). 18 Standing height (cm) was measured with a metal tape (Rosscraft, Innovations Incorporated, Surrey, Canada) with a 0.1-cm resolution and a headboard. Body weight (kg) was assessed with a calibrated portable beam scale with a 0.5 -kg resolution. All anthropometric measurements were performed by two previously trained registered nutritionists using standard methods. 19 The intra-and inter-observer technical error of measurement was calculated for all measurements, respectively, in 17 and 18 individuals. Intra-observer error ranged from 0.2 to 0.6%, and inter-observer error ranged from 0 to 1.4%. These values are considered acceptable for trained anthropometrists. 20 Body mass index (BMI) was determined through the standard formula (weight (kg)/height 2 (m)), and BMI categories were created according to the World Health Organization cutoffs. 21 Sarcopenia was defined according to the EWGSOP as the presence of both low muscle mass and low muscle function. Whole-body resistance (ohms) and reactance (ohms) were assessed through tetrapolar bioelectrical impedance analysis (BIA) using a Biodynamics Model 450 (Seattle, WA, USA) with 0.1 ohm resolution, operating at a single frequency of 50 kHz.
Muscle mass was evaluated using the equation of Janssen et al.
22
((height 2 /resistance × 0.401)+(gender × 3.825)+(age × -0.071))+5.102, with height measured in cm, resistance measured in ohms, for gender, men = 1 and women = 0, age measured in years. Muscle mass was adjusted for height. Gender-specific cutoff points indicated in the EWGSOP consensus were used. 1 Muscle function was evaluated as HGS, using a calibrated Jamar Hydraulic Hand dynamometer (Sammons Preston, Bolingbrook, IL, USA), with a 0.1-kgf resolution. The Jamar dynamometer is proposed by the American Society of Hand Therapists as the gold standard for measurements of HGS. 23 Each subject undertook three measurements using the nondominant hand with a 1-min interval between measurements, and the maximum value was selected. 24 Low HGS was classified using the cutoffs proposed in the EWGSOP Consensus:
1 o 30 kgf for men and 20 kgf for women.
Statistics
According to the normality of variables distribution, evaluated through Kolmogorov-Smirnov test, results were described as mean and standard deviation or as median and interquartile range (IQR) if the distribution was non-normal. Categorical variables were reported as frequencies.
To identify variables associated with sarcopenia by bivariable analysis, sarcopenic and nonsarcopenic patients were compared for several demographic and clinical characteristics. Bivariable and multivariable logistic regression models were also conducted. Variables were included in the multivariable logistic regression model considering their potential confounding effect. LOS was dichotomized according to a cutoff of 7 days based on the median LOS of the entire sample, and in agreement with the median LOS in Portuguese hospitals. 25 Variables associated with longer LOS (⩾7 days) were identified comparing patients with and without a long LOS. All the comparisons for continuous variables were computed using the Mann-Whitney test or Student's t-test for independent samples. For categorical variables, Pearson χ 2 or Fisher's Exact test were used. LOS was determined from the date of hospital admission and discharge to usual residence (the main event of interest). Patients who were not discharged from the hospital to usual residence within the study period were censored at the time of other events, namely death, transfer (to another hospital ward, to another hospital or to continuing care units) and discharge against medical advice (n = 40). LOS was censored at 30 days, and thus patients who remained hospitalized 30 days after hospital admission were also censored (n = 16). The Kaplan-Meier method was used to estimate the cumulative probability of being discharge-free over time (that is, to experience the event of interest, defined as discharge home within the follow-up interval), according to the presence or the absence of sarcopenia.
Multivariable Cox proportional hazards regression models were used to estimate adjusted hazard ratios (HRs) and corresponding 95% confidence intervals (CIs). The following characteristics were considered in the multivariable procedure: presence of sarcopenia (categorical), age (categorical), Charlson index (continuous), nutritional status categories according to PG-SGA (categorical), education (categorical), Katz index (categorical), gender (categorical), marital status (categorical) and AMT (continuous).
Statistical significance was set at Po0.05. All analyses were conducted with the Software Package for Social Sciences (SPSS) for Windows (version 20.0; SPSS, Inc., Chicago, IL, USA).
RESULTS
Baseline characteristics of the 655 hospitalized patients enrolled in this study, according to sarcopenia status, are shown in Table 1 . Approximately half of the patients were women (46.1%), and their ages ranged between 18 and 90 years (median (IQR) = 56 (22) years). Frequency of sarcopenia was 24.3%. Within the period this study was conducted two patients had died. Therefore, the mortality rate was 0.3%.
Sarcopenic patients were older and presented longer LOS than nonsarcopenic patients (Table 1 ). In addition, they were more likely to be male, to be undernourished and to present higher Charlson index score than nonsarcopenic patients (Table 1) . There was a higher proportion of sarcopenic patients in medical wards than in surgical wards. The highest proportion of sarcopenic patients (34.3%) was observed in internal medicine wards. Otorhinolaryngology presented the lowest proportion of sarcopenic patients (1.9%).
It is worth noticing that patients aged ⩾ 65 years presented lower muscle mass (median (IQR) 24.8 (11.4) kg) than patients aged o 65 years (median (IQR) 26.4 (11.4) kg), P = 0.008.
Older patients also presented lower HGS than patients aged o 65 years (median (IQR) 22.0 (9.8) kgf versus median (IQR) 24.1 (17.5) kgf), P o0.001.
As shown in Table 2 , after adjusting for potential confounders, being male, age ⩾ 65 years, presenting moderate or severe dependence, being undernourished and being admitted to a medical ward were factors associated with sarcopenia.
It is worth mentioning that, compared with patients with a short LOS, patients with longer hospital stay were older, had a lower education level, were less likely to be single, presented a lower AMT score, were more likely to be dependent according to Katz index, were less likely to be overweight or obese, presented reduced HGS, were more likely to be undernourished, sarcopenic and presented a higher Charlson index score. Figure 1 shows the probability of being discharge-free over time according to the presence of sarcopenia, considering all the participants (Figure 1a) , and stratified by age groups, o 65 years ( Figure 1b) and ⩾ 65 years (Figure 1c) . Sarcopenic patients presented a lower probability of experiencing the event of interest (being discharged home), as displayed in Figures 1a and  b . However, for patients aged ⩾ 65 years, this effect was no longer visible (Figure 1c) .
The association of sarcopenia with overweight or obesity (BMI ⩾ 25 kg/m 2 ) was also evaluated. From all sarcopenic patients (n = 159), 44% presented only sarcopenia and 56% of the patients were simultaneously overweight (or obese) and sarcopenic. It is noteworthy that sarcopenic patients who were simultaneously overweight or obese presented higher muscle mass than nonoverweight sarcopenic patients, median 25.5 (12.4) kg vs median 24.1 (9.8) kg, P o 0.001, and also higher muscle mass adjusted for height, mean 10.1 (2.0) kg/m 2 vs mean 9.1 (1.7) kg/m 2 , P o0.001. Compared with nonsarcopenic patients, sarcopenic patients present a lower probability of being discharged home. However, patients with nonoverweight sarcopenia presented a lower probability of being discharged home compared with sarcopenic overweight patients (P o 0.001; Figure 1d) .
Results from multivariable Cox proportional hazards regression models were displayed for the entire sample and according to age groups ( Table 3) . The model was adjusted for age, gender, marital status, education, nutritional status, Charlson index, AMT score and Katz index, as these variables could be considered as potential confounders in the association between sarcopenia and LOS.
Considering the entire sample and the group of patients aged o65 years, sarcopenia was consistently associated with lower HR (o 1) for being discharged home, meaning that sarcopenic patients presented a lower probability of being discharged home. However, for patients aged ⩾ 65 years, sarcopenia was not independently associated with the probability of being discharged home.
It is worth noticing that sarcopenic overweight or obese patients presented a higher probability of being discharged home (adjusted HR (95% CI) = 0.78 (0.61-0.99)) than nonoverweight sarcopenic patients (adjusted HR (95% CI) = 0.63 (0.48-0.83)).
In addition, LOS had also been stratified according to hospital ward (medical or surgical) and, as expected, there was a higher proportion of patients with a longer LOS (⩾7 days) admitted to medical wards (53%) than in surgical wards (47%), P = 0.019. Thus, the type of hospital ward was included in an additional multivariable Cox proportional hazards regression model. However, the inclusion of this variable did not modify the results concerning the probability of being discharged home.
DISCUSSION
This study results show that sarcopenic patients presented a lower probability of being discharged from the hospital. Cox analysis revealed that sarcopenia is associated with longer LOS after considering the confounding effect of age, gender, marital status, education, nutritional status, disease severity, cognitive impairment and independence in daily living activities. However, after stratifying this analysis by age groups, this association was only observed for patients aged o 65 years. This may be explained by a lower proportion of older patients in the study sample (approximately 31%), which leads to a loss of statistical power, increasing the possibility of occurrence of a type two error or, alternatively, by different clinical characteristics; that is, the simultaneous presence of several comorbidities in older patients could have diminished the strength of the association of sarcopenia with LOS. There may be other explanations for this situation, such as an overall lower probability of being discharged home, and a higher prevalence of undernutrition in those patients who were aged ⩾ 65 years, resulting in a coexistence of undernutrition with sarcopenia. Although our results were adjusted in a multivariable model for age and the presence of undernutrition, the confounding effect of other factors not assessed in the present study cannot be disregarded, while residual confounding may still be present.
The results of this study increased the knowledge and highlighted the impact of sarcopenia on LOS, specifically among hospitalized younger patients (o 65 years). Besides, as far as we are concerned, there were no previous data concerning factors associated with sarcopenia among hospitalized younger patients, with the exception for previous results from a recent study undertaken by our research team. 9 Gariballa and Alessa, 6 in a study conducted among hospitalized older patients, which defined sarcopenia with muscle mass assessed through mid-arm muscle circumference and muscle function evaluated by HGS, concluded that LOS was significantly higher in sarcopenic patients compared with nonsarcopenic patients. Otherwise, in a study conducted by Cerri et al. 8 among hospitalized undernourished older patients no differences in LOS were found between sarcopenic and nonsarcopenic patients. Using similar methodology, our results for older patients corroborate the findings of Cerri et al. 8 Although the present results are not in accordance with Gariballa and Alessa, the observed differences between studies may be explained by the use of different methodologies, BIA and anthropometry, in the assessment of muscle mass and by different patients' characteristics. However, our results clearly show a significant association of sarcopenia with prolonged LOS for patients aged under 65 years.
The difference observed for the o65-year and ⩾ 65-year groups concerning the association of sarcopenia with LOS may be justified by the existence of different characteristics, diagnoses and, even, higher severity of comorbidities between younger and older adult patients, besides the possible occurrence of a type two error, as hypothesized before in this section.
This study results also showed that sarcopenic overweight or obese patients (BMI ⩾ 25 kg/m 2 ) had a higher probability of being discharged home than sarcopenic nonoverweight patients. This can possibly be explained by the coexistence of undernutrition and sarcopenia, as there was a considerable proportion of sarcopenic patients (approximately 60%) who were simultaneously undernourished. This situation can hypothetically lead to a protective effect of overweight and obesity. Another possible explanation is that overweight (or obese) patients presented significantly higher muscle mass than nonoverweight patients. Thus, characteristics related to overweight and higher muscle mass could have introduced a protective effect for being discharged from the hospital. Notwithstanding this, because of the presence of overweight or obesity, these patients may not 8, 9 These differences may be because of the use of different methodologies and because of patients' characteristics. This study also identified sarcopenia in 18.8% of the hospitalized patients aged under 65 years. However, it is noteworthy that cutoff points used were previously defined for use in older adults, as sarcopenia was considered as a geriatric condition. This situation may have biased present results with a possible underdiagnosis of sarcopenia. Moreover, the EWGSOP also indicates physical performance as a possible parameter in sarcopenia diagnosis; that is, sarcopenia can be defined as low muscle mass and low muscle strength or as low muscle mass and low physical performance (for example, gait speed test). In this study, physical performance was not assessed because of the characteristics of our sample, as this test is not applicable to all hospitalized patients. 8 Consequently, some sarcopenia diagnoses in patients with low muscle mass and low physical performance but normal HGS could have been missed.
Patients from intensive care units and other critical patients were excluded from this study because of their inability to perform the required functional tests to identify sarcopenia. This situation may constitute a study limitation because critical patients because of their clinical condition would be likely to present muscle mass depletion and reduced function and, therefore, to be sarcopenic. Furthermore, the inclusion of muscle function (physical performance) in the definition and diagnostic criteria of sarcopenia may impair the identification of sarcopenia among critical patients and patients unable to perform functional tests. Moreover, it is important to highlight that HGS of patients unable to stand was measured with individuals on a bed. Although a differential may exist between measurements performed with the individual in a sitting or lying position, care entire sample age < 65 years age ≥ 65 years entire sample (overweight and nonoverweight patients)
p <0.001 p < 0.001 Figure 1 . Probability of being discharge-free over time according to sarcopenia status for the entire sample (a); for patients aged o65 years (b); for patients aged X65 years (c); for the entire sample, stratified by overweight and nonoverweight status (d).
was taken in order to strictly follow the HGS measurement protocol. 24 Specifically, HGS was obtained from all participants with the unsupported elbow. 26 In this study, muscle mass was estimated through BIA, instead of using computed tomography or magnetic resonance imaging, the golden standards for quantifying muscle mass, or dual energy X-ray absorptiometry, the selected alternative for estimating muscle mass in research and clinical use. 1 This could be regarded as a study limitation. However, BIA results are readily reproducible, and this is an economical, practical and portable method, which, used under standard conditions, has been found to be a good alternative to dual energy X-ray absorptiometry. 5 Although BIA may not be reliable in conditions such as heart failure, kidney failure and dehydration, after applying inclusion criteria, not all patients with these conditions were excluded. This may have led to a misclassification of muscle mass and subsequently to a misclassification of sarcopenia.
According to hospital discharge records, the proportion of discharged patients aged over 65 years was 38.3% in 2012 and 40% in 2013. Our sample contains less patients aged over 65 years (31%). This may have resulted in a lower representation of an important group of high-risk patients, underestimating sarcopenia burden. Nonetheless, the diagnostic criteria of sarcopenia recommended by the European Consensus necessitate the application of functional tests, thus excluding patients who are unable to carry out these tests. 8 The lower representation of older patients in this sample may be explained by the need to fulfill the criteria.
Several strengths of this study could be highlighted. A large number of hospitalized patients composed this study sample, with a wide age range, 18-90 years. The patients enrolled in this study were from a multiplicity of hospital surgical and medical wards, which ensured a large variety of diagnoses and different diseases. These characteristics strengthen the generalizability of our results for other hospitalized patients.
Survival analysis has the ability of handling data that are censored, which in this study were death, transfer, discharge against medical advice and LOS 430 days. This allows for a better hospital representation, because it permits the inclusion of cases that could not be included with other statistical approaches, namely, with follow-up information unavailable after a certain point, which in our study was 30 days after hospital admission. Nonetheless, only 16 participants (2.4% of the study sample) had a LOS longer than 30 days, and thus an extended follow-up period probably would not have changed the results obtained.
Although there are some results available concerning mortality and hospital readmission for older patients, 6, 8, 11 further research is required in order to assess short-term and long-term consequences of sarcopenia in hospitalized patients.
Being male, age ⩾ 65 years, presenting dependence, being undernourished and being admitted to a medical ward are factors associated with sarcopenia among hospitalized adult patients. Sarcopenia is independently associated with longer LOS, although this association is stronger for patients aged o 65 years. Moreover, sarcopenic overweight is associated with a higher probability of discharge to usual residence than nonoverweight sarcopenia.
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